ABSTRACT: The following chaetognaths were found in the Atlantic Ocean between 34 to 40°S and 52°20' to 62°00' W: Sagitta friderici, S. tasmanica, S. minima, S. gazellae, and S. enflata (in order of abundance). Of these, only S. friderici was parasitised by unencysted metacercariae of the families Derogenidae (Derogenes sp.), Hemiuridae (Ectenurus sp.) and Fellodistomidae (Monascus filiformis), and encysted metacercariae of Lepocreadiidae. The percentage of infection for each sampling station varied from 0.033 to 0.001 in August and from 0.02 to 0.001 in October 1996, with the highest values occurring at stations closer to the coast. The intensity of infection (worms per host) varied from 1 to 3 for Ectenurus sp. and was 1 for Derogenes sp., Monascus filiformis and Lepocreadiidae. Unencysted metacercariae were found in mature developmental stages of chaetognaths, whereas encysted ones occurred mainly in juveniles. The size and length of the ovaries of parasitised and unparasitised chaetognaths did not differ significantly. This is the first report of encysted Lepocreadiidae metacercariae and a progenetic metacercaria of Ectenurus sp. in Chaetognatha from the SW Atlantic Ocean.
INTRODUCTION
Many of the life cycles of helminths that parasitise pelagic fishes include copepods and/or chaetognaths as their intermediate hosts. Chaetognaths (arrow worms) constitute an important component of the marine zooplankton, both in coastal areas and in oceanic waters. These organisms may play a fundamental role in the transfer of energy from primary consumers to higher trophic levels, since they mainly feed on copepods (Reeve 1980 , Feigenbaum & Maris 1984 , Stuart & Verheye 1991 , Casanova 1999 and are subsequently part of the diet of larval and adult fishes (Heydorn 1959 , Cavalieri 1963 , Szidat 1969 , Terazaki & Iwata 1983 . Several chaetognath species perform diel vertical migrations (Gibbons 1994 , Nishihama & Hirakawa 1998 , Besiktepe & Unsal 2000 , thus interacting with communities distributed at different levels of the water column. Both the central position of chaetognaths in the food web and their migratory habits facilitate their role as intermediate hosts. Most of the epiplanktonic chaetognaths are transparent even after preservation, thus making it possible to observe species which parasitise them internally (Dollfus 1960 , Alvariño 1965 , Weinstein 1972 , Nagasawa & Marumo 1979 , Øresland 1986 , Martorelli & Cremonte 1998 . One of these species, Sagitta friderici, occurs frequently in neritic zones of the Atlantic Ocean, scattered along the western coast from 30°N to 49°S (McLelland 1980 , 1984 , Mazzoni 1990 , whereas on the eastern coasts they have been reported from approximately 50°N to 36°S (Heydorn 1959 , Pierrot-Bults & Nair 1991 . Despite their wide distribution, there is scarce information on the parasites of this species, most of which is limited to isolated observations from studies in other geographic areas other than those of our investigation (Furnestin 1957 , Cavalieri 1963 , Reimer et al. 1975 ). The present work examines the biodiversity, prevalence and intensity of infection of the helminths that parasitise S. friderici in the SW Atlantic Ocean.
MATERIALS AND METHODS
Chaetognaths were collected during 2 sampling surveys carried out in the Argentinean Sea (Fig. 1) . The first survey was conducted in August 1996 in the El Rincón area (38°30' to 40°30' S and 58°30' to 61°15' W) and included 18 stations that yielded 7212 specimens; the second, conducted in October 1996, at 34°to 40°S and 52°20' to 62°00' W covered 116 stations that yielded 2870 specimens. The latter survey covered 2 important breeding areas for fish: the Argentinean-Uruguayan common fishing zone (ZCPAU) to the north and El Rincón to the south. Plankton samples were fixed in 4% buffered formaldehyde in seawater. Total density (D) of chaetognats in each sampling station was calculated as D = ind. m -3 . Chaetognaths were identified according to Casanova's (1999) criteria, and each specimen was also assigned to the following maturity stages (Daponte et al. 2004 ):
Stage 0 (juvenile): anterior and posterior fins developed, without ovaries or testes.
Stage I: ovaries undergoing development containing small oocytes, testes like fine tubes, some loose spermatocytes in the basal part of the tail, seminal vesicles absent.
Stage II: larger ovaries with oocytes of various sizes, spermatocytes occupying the coelom of the tail, seminal vesicles undergoing development, but still empty.
Stage III: ovaries fully developed containing mainly large oocytes, tail segment filled with, partially filled with or containing no spermatids. Seminal vesicles presented different degrees of filling or were broken by the expulsion of the sperm. Chaetognath size was measured (from the tip of the head to the end of the tail excluding the caudal fin) only from those stations where parasitised specimens were found. The sizes of all parasitised and unparasitised specimens from each stage were compared using the Wilcoxon signed-ranks test (Daniel 1978) .
Metacercariae were removed from the bodies of chaetognaths using dissecting needles under a stereomicroscope. Entire worms were stained with Langeron's alcoholic chlorhydric carmine, differentiated in 1% hydrochloric ethanol, dehydrated through a gradual ethanol series, cleared in creosote, and mounted in Canada balsam. Some details were determined in specimens cleared in Amann's lactophenol. All measurements are given in micrometers, with the range followed by the mean in parentheses. Figures were drawn with the aid of a camera lucida. The specimens studied were deposited in the Colección Nacional de Parasitología of the Museo Argentino de Ciencias Naturales Bernardino Rivadavia (MACN-Pa), Buenos Aires, Argentina.
Prevalence (P) and intensity of infection (I) were determined for the August (P Aug , I Aug ) and October (P Oct , I Oct ) surveys for each helminth species and the percentage of infection was calculated for each sampling station (P Stn ), according to Bush et al. (1997) . The following deposited material was analysed for comparison: (1) Derogenes parvus Szidat, 1950 , MACN-Pa 4/1-4/3, from Eleginops maclovinus and MACN-Pa 4/6-4/7, from Urophycis brasiliensis, and (2) Ectenurus virgula MACN-Pa 64/1-64/5, from U. brasiliensis.
RESULTS
The following chaetognaths of the genus Sagitta were found: S. friderici, S. tasmanica, S. minima, S. gazellae and S. enflata (Table 1) . Total density of chaetognaths at each sampling station is shown in Fig.1 . The number of species diminished towards the south, and 40°30' S and 58°30' to 61°15' W) and October (34°to 40°S and 52°20' to 62°00' W) 1996. ZCPAU: common Argentinean-Uruguayan fishing zone, ER: El Rincón, , : parasitised chaetognaths, , : unparasitised chaetognaths only S. friderici was present in the El Rincón area. Of the 5 host species, only S. friderici was parasitised by trematodes. In the August survey, 44.44% of the stations presented parasitised specimens, compared with only 2.56% of stations in October. These specimens were distributed over 2 zones: ZCPAU (36°30' to 37°15' S) and El Rincón (39°S), leaving intermediate, northern and southern areas where parasitised specimens were not found (Fig. 1) . The density ranges in each area are shown in Table 1 .
The most frequently infected maturity stages were stages II and III, followed by Stage I, whereas juveniles were not parasitised. The median sizes of parasitised and unparasitised chaetognaths of all stages did not differ significantly (p > 0.05, Table 2 ).
Metacercariae belonging to the families Derogenidae (Derogenes sp.), Hemiuridae (Ectenurus sp.), Fellodistomidae (Monascus filiformis), and Lepocreadiidae were found in Sagitta friderici (Table 3) .
The P Stn values calculated for the total number of trematodes found (considering only those stations where parasitised specimens were found) varied from 0.033 to 0.001 in August and from 0.02 to 0.01 in October. The highest values were from stations closer to the coast and above 30 m depth. The values of P and I for August and October were calculated for each parasite and are indicated in the description of the specimens found.
DESCRIPTIONS
Derogenes sp., unencysted metacercaria (Figs. 2a & 3a) Family: Derogenidae Nicoll, 1910 Subfamily: Derogeninae Nicoll, 1910 Measurements based on a single whole mounted specimen, some morphological details based on a specimen mounted and cleared in Amman's lactophenol. Body 300 µm long, without ecsoma. Oral sucker 63 µm long; pharynx well developed, 20 µm long; ventral sucker near mid body region, 100 µm long. Conspicuous papillae on ventral sucker, oral sucker and lateral areas of body (Fig. 3a) (Fig. 4) , when extended short, leafshaped (Fig. 2c) . Testes oval, in tandem (Fig. 4a) , oblique or parallel (Fig. 4b) (Fig. 2c) (Fig. 5a ). Oral sucker 38-54 (46) µm long, 47-69 (59) µm wide; pharynx 41 -57 (52) µm long, 32 -44 (39) µm wide; ventral sucker 41-63 (47) µm long, 41-63 (50) µm wide. Eyespot pigment dispersed at level of pharynx (Fig. 5) . Oesophagus bifurcating immediately anterior to ventral sucker, intestinal caeca long, extending to near posterior end of the body (Fig. 5 ). Infection site: coelomic cavity of the trunk (Fig. 2d) , P Aug = 0.0007 (n = 7212), I Aug = 1, P Oct = 0.0007 (n = 2870), I Oct = 1.
DISCUSSION
Metacercariae of Derogenes sp. parasitising Sagitta bipunctata (see Dawes 1958 , Montero 1974 and Sagitta elegans (see Zaika & Kolesnikov 1967) have Szidat et al. 1950 and Szidat 1961) . The immature metacercaria of Derogenes sp. could not be assigned to any particular species. Although not mentioned in previous descriptions (Suriano & Sutton 1981) , the tegumental papillae observed in the studied specimen (Fig. 3a) are similar to the 'hemispherical projections' mentioned by Køie (1979) in D. varicus. However, such papillae were not observed in the type material of D. parvus. The presence or absence of these projections may discriminate similar species of Derogenes in areas where both species occur. Adults of Monascus filiformis were found in marine fishes of different families in the North Atlantic, the Gulf of Mexico and the Mediterranean Sea (Køie 1979) . Metacercariae of this species were found in guts of Sagitta setosa in the western English Channel (Øresland 1986 ) as well as in the radial and annular channels of Hydromedusae and in the trunk cavity of Sagitta sp. from the South Atlantic Ocean (Girola et al. 1992 , Martorelli & Cremonte 1998 ). Cercariae were found in the clam Nucula nitidosa in waters of the western Kattegat (Køie 1979) , and in N. oblique in the South Atlantic (Martorelli & Cremonte 1998) . The morphology of the M. filiformis found in the anterior gut of S. friderici agrees with the descriptions by Girola et al. (1992) and Martorelli & Cremonte (1998) . However, its smaller size probably reflects incomplete development. The finding of unencysted metacercariae in S. friderici supports the existence of the life cycle pattern proposed by Martorelli & Cremonte (1998) A metacercaria of Ectenurus, probably E. virgulus according to Szidat (1961) , who found this species in Urophycis brasiliensis, was reported by Jarling & Kapp (1985) in a single specimen of Sagitta friderici from the Patagonian Shelf. These authors also found E. lepidus in higher prevalence in S. friderici, S. tasmanica, S. hexaptera and S. minima from the upwelling region off northwestern Africa. Chaetognaths studied by Jarling & Kapp (1985) harboured other hemiurid metacercariae, which could not be identified. The difference between E. virgulus and E. lepidus is the presence of prostatic gland cells around the distal part of the male duct, occurring near the seminal vesicle in the former and around the anterior third of the male duct, near the sinus sac in the latter (Manter 1954) . Differences in sucker ratios, egg size, shape of the vitellaria, and body measurements have been reported by Manter (1954) , Manter & Pritchard (1960) and Szidat (1961) . The Ectenurus sp. specimens examined in the present study showed great variability in body size and in the position of the testes (Fig. 4) , which are arranged either in tandem, parallel or oblique, and partially overlapped. The position of the testes is probably influenced by the state of contraction, and/or maturation and body size at maturation. There are also differences in sucker ratios ranging from 1:2.5 to 1:3.7. The specimens studied may belong to E. virgulus, (see Szidat 1961) . However, the presence of E. lepidus in the same host, S. friderici, in the Atlantic Ocean near Africa (Jarling & Kapp 1985) , together with the observed morphological variability, indicate that more than one species may be involved. Some specimens of Ectenurus sp. were gravid; because they were located inside the body cavity, they have to be considered progenetic metacercariae (Fig. 2c) . The eggs would be released after the death of the intermediate host, or in the gut of a fish host, after ingestion of the infected chaetognath, indicating an abbreviated life cycle in the first case and a facultative life cycle in the latter. Poulin & Cribb (2002) reviewed the examples of trematode species in which abbreviated life cycles have been reported, and proposed a hypothesis by which several factors (environmental instability, rare or missing host, developmental time, cannibalism, and latitudinal gradient) would promote a shortened life cycle. The 'rare or missing host hypothesis' explains shorter life cycles in which the definitive host undergoes seasonal migrations, fluctuations in abundance or very low predation rates (Poulin & Cribb 2002) . The low prevalence of Ectenurus sp. (0.0003 to 0.008) and the absence of parasite-induced excess growth of chaetognaths, which made them more vulnerable to predation (Pearre 1979) , might be responsible for the development of progenesis, as predation becomes a rare event. Dollfus (1960) and Øresland (1986) reported encysted metacercariae of unknown families from chaetognaths as Adolescaria progastrica. This metacercaria is characterised by its developed gonads. Martorelli (1996) found an encysted metacercaria related to lepocreadiids in hydrozoan jellyfishes and ctenophorans of the southern Atlantic. In this metacercaria, tegumental spines cover the whole body surface, the intestine bifurcates shortly posterior to the pharynx and the oesophagus is short. The metacercaria from Sagitta friderici in the present study probably corresponds to a different species, since the tegumental spines reach the ventral sucker level, the intestine bifurcates immediately anterior to the ventral sucker, and the oesophagus is long (Fig. 5a ). This is the first record of a lepocreadiid parasitising chaetognaths in the SW Atlantic. Pearre (1976) reported differences between parasited and non-parasited specimens of Sagitta friderici and S. bipunctata. The parasitised hosts were larger and the ovary next to the parasite was shorter than normal. This phenomenon was also observed by Furnestin (1957) in S. bipunctata. The present analysis did not reveal significant differences in body size and ovary length between parasitised and unparasitised S. friderici (Table 2) , although variations in the length of both sides of the ovary were observed in 1.8% of the unparasitised specimens collected at 38°28' S, 57°41' W and 48 m depth (Daponte et al. 2004) .
Chaetognaths become infected by metacercariae after eating free-swimming cercariae. Copepods, as the main prey item for chaetognaths (Alvariño 1965 , Feigenbaum & Maris 1984 , Stuart & Verheye 1991 , Vega-Perez & Liang 1992 , can also constitute a source of infective metacercariae for their predators (Szidat 1969 , Køie 1975 , Martorelli & Cremonte 1998 Szidat 1961 , Suriano & Sutton 1981 , Amato 1982 , Sardella et al. 1995 , Sardella & Timi 1996 , Martorelli & Cremonte 1998 , Timi et al. 1999 .
The percentage of infection for each station (P Stn ) is dependent upon the sampling zone considered. In the El Rincón area, the range was 0.033 to 0.001, from the inner to the median shelf, and zero in the outer shelf and at the slope boundary. In agreement with Alvariño (1965) , who found a decrease of parasites in chaetognaths from neritic to oceanic areas, our results also indicate a decreasing percentage of infection by parasites from the inner to the outer shelf.
Considering the capture depth of different chaetognaths, we observed that those species captured below 90 m (Sagitta tasmanica, S. minima, S. gazellae, and S. enflata) were not parasitised. In S. friderici, although they were captured at depths between 13 and 90 m, only the specimens collected above the 50 m isobath were parasitised. An analysis of the location of the sampling stations where parasitised chaetognaths were found showed that the locations were coincident with the presence of banks of bivalve molluscs (Mytilus edulis, Tagelus plebeius, Nucula puelcha, Brachiodontes rodriguezi, Amiantis purpurata) (see Cremonte 1999) , some of which have been cited as primary hosts of trematodes in this region (Szidat 1963 , Cremonte 1999 , Cremonte et al. 2001 . The migratory capacity of S. friderici would favour their encounter with cercariae released by bivalves. Chaetognaths may acquire cercariae directly in the benthic zone or by ingesting parasitised copepods in the pelagic area. The absence of banks of molluscs below 90 m may be a reason for the absence of parasites in the other chaetognath species considered, since these are generally located in the outer shelf and off the continental shelf, where such banks are absent.
CONCLUSIONS
In view of the present findings we conclude: (1) in the SW Atlantic, Sagitta friderici is an intermediate host of different trematode species. Chaetognath maturity Stages II and III are parasitised most frequently. Ectenurus sp. was the species with the highest prevalence and intensity of infection (double and triple). This is the first record of progenetic metacercariae of Ectenurus sp. from the SW Atlantic. (2) Derogenes sp. was found in mature chaetognaths (Stage III). Its prevalence was low and produced only single infections. Since Montero (1974) did not state the geographic location for his record of D. varicus from S. bipunctata, ours is the first record of Derogenes sp. parasitising S. friderici from the SW Atlantic. (3) Monascus filiformis had low prevalence and intensity of infection and was found only in mature chaetognaths (Stage III). The present work extends the distribution area of the metacercariae of M. filiformis parasitising S. friderici up to 40°15' S in the SW Atlantic. (4) The encysted metacercariae of Lepocreadiidae were more frequently found in Stage I specimens. prevalence was intermediate and its intensity of infection was one. This is the first record of metacercariae encysted in S. friderici from the southwestern Atlantic Ocean.
